Exogenous porcine somatotropin (PST) administration stimulates protein deposition and inhibits lipogenesis, resulting in dose-related improvements in growth performance and reduction of carcass fat content. However, the associated impacts of this technology on dietary nutrient requirements and energy partitioning between maintenance, protein, and fat remain unclear. Studies with pigs between 25 and 60 kg body weight indicate that, because of unknown improvements in amino acid utilization and(or) in the energy available for protein synthesis, only marginal increases in dietary protein percentage are required to support 20 to 25% improvements in protein deposition induced by PST administration. In contrast, an increased dietary protein concentration is required to support maximal protein deposition in pigs 60 to 100 kg. Exogenous PST administration increased the maintenance energy requirement and altered the relationship between energy intake and protein deposition, although the magnitude of these changes and the consequent effects on expression of dietary protein (amino acid) requirements was influenced by gender. Albeit limited, information suggests that PST alters nutrient demand at the tissue level.
istration to enhance the efficiency of pork production (Machlin, 1972; Boyd et al., 1986 Boyd et al., , 1988 Etherton et al., 1986 Etherton et al., .1987 Goodband et al., 1988; Campbell et al., 1989) . Exogenous PST administration stimulates protein deposition (Boyd et al., 1988; Campbell et al., , 1989 ) and inhibits lipogenesis (Walton and Etherton, 1986; Walton et al., 1987) , resulting in dose-related improvements in growth performance and reduction of body fat content Boyd et al., 1988; Evock et al., 1988) . However, whereas the anabolic and antilipogenic actions of PST administration are. unequivocal, the extent to which dietary nutrient levels need to be altered to support these changes in protein and lipid metabolism remains unclear. The present paper briefly reviews the information currently avail-able on the effects of dietary nutrient intake on the interrelationships between PST administration and protein deposition capacity and attempts to arrive at conclusions concerning the proportional changes in dietary protein (amino acid) levels required to support the changes in protein deposition induced by PST administration. The paper also addresses the impact of the technology on expression of dietary protein and amino acid requirements for heavier pigs (> 60 kg) and the partitioning of energy between maintenance, protein, and fat.
Interrelationships Between PST and Dietary Protein on Protein Deposltion Capacity
Recent research has demonstrated that endogenous PST secretion is a major factor constraining protein accretion of growing pigs (Boyd et al., 1988; Campbell et al., . 1989 . The extent to which protein and lipid accretion rates are induced by exogenous PST administration are illustrated for gilts, boars, and barrows between 60 and approximately 100 kg in Table 1 .
Based on current concepts of protein metabolism, increases in protein growth of the magnitudes shown in Table 1 would be expected to require concomitant increases in the levels of dietary protein and amino acids. However, for PST-treated pigs, the information on the interrelationship between PST administration and dietary protein requirement is both limited and equivocal. Boyd et al. (1988) , using the factorial approach, predicted an almost twofold increase in the dietary lysine concentration required to support an 81% increase in protein deposition induced by PST administration (.l rng.kg?.d-') in castrated male pigs between 55 and 100 kg. However, the factorial approach requires accurate information on the rate and amino acid composition of protein gain and relies on numerous assumptions concerning the efficiency with which dietary amino acids are absorbed and integrated into animal tissues. This technique also takes no account of the extent to which the increase in protein deposition induced by PST administration might result from changes in the relative rates of protein synthesis and degradation, the efficiency of amino acid transfer, intermediary amino acid metabolism, or the relationship between energy intake and protein deposition. Despite these limitations, the results of empirical studies indicate that higher levels of dietary protein and lysine are required to support maximal performance in PST-treated pigs of heavier body weight. For instance, Goodband et al. (1988) suggested that PST administration (4.0 mg-pig-l-d-l) doubled the level of dietary lysine required to support maximal growth performance in castrated male pigs between 60 and 100 kg (from .6 to 1.2%). However, the authors did not measure the underlying changes in protein deposition capacity induced by PST or the response of control pigs to dietary lysine content beyond the lowest level tested (.6%); they based their conclusions on the NRC (1988) lysine recommendation for pigs between 60 and 100 kg. Based on the response of f d g a i n to dietary lysine reported by Goodband et al. (1988) (ARC, 1981) . the results do not provide the quantitative information required to determine whether changes in dietary lysine and other essential amino acids required by PST-treated pigs are proportional to their increased protein accretion (tissue requirement).
Results of experiments with younger pigs suggest that this is not the case. For example, Campbell et al. (1990) reported that only a marginal increase (4%) in the level of dietary "ideal" protein (ARC, 1981) 
Campbell, unpublished results).
concomitant increase in dietary protein (amino acid) levels. On the other hand, maximal protein deposition in younger pigs (< 50 kg) invariably is constrained by energy intake (Whittemore, 1986) ; at least part of the improvement in protein deposition induced by PST may be associated with the antilipogenic actions of the hormone and a concomitant increase in the amount of energy available for protein synthesis.
For pigs of heavier body weight, maximal protein deposition is limited more by intrinsic than by environmental constraints (energy intake) and, as such, the interrelationship between PST administration and dietary protein on protein deposition capacity might be expected to differ from that for younger pigs. The latter certainly is indicated by the results of a recently completed experiment in which protein deposition was measured by compara- the same utilizability as that used in the experiment presented in Figure 1 , these results provide quantitative information on the interrelationship between the tissue and dietary protein requirements of PST-treated pigs. In this respect, the data provide no evidence that PST has any marked effect on dietary amino acid utilization and suggest that the increase in the level of dietary protein (amino acids) required by PST-treated pigs is directly related to the improvement in protein deposition capacity induced by the technology; altematively, the magnitude of the improvements in protein accretion and growth performance induced by PST administration could be a function of dietary protein content. The latter is best illustrated by the similarity in protein deposition rates exhibited by control and PSTtreated pigs given the two diets lowest in protein.
In contrast, fat deposition was reduced by higher protein diets; the magnitude of this decline with increasing dietary protein content was increased by PST (Figure 2) . Similar results have been reported for younger pigs by Campbell et al. (1990) . The results of both experiments provide evidence of independent actions of PST on protein and lipid metabolism; this isn't particularly surprising because the protein stimulatory effects of PST are mediated in part by insulinlike growth factor-I (Cheng and Kalant, 1968; Schoenle et al., 1982 ; M e n et al., 1986), the synthesis/release of which seems to be inhibited by dietary protein deficiency (Campbell et al., 1990) . In contrast, PST acts more directly to inhibit lipogenesis by reducing glucose uptake and insulin sensitivity of adipocytes (Walton and Etherton, 1986 ; Walton et al., 1987) and inhibiting the activity of key lipogenic enzymes (Magri et al., 1987) .
The magnitude of the changes in protein and fat deposition rates induced by PST are influenced by live weight (Etherton et al., 1986) , gender (Campbell et al., 1989) and PST dose (Boyd et al., 1988; Evock et al., 1988) .
Consequently, all these factors will influence the proportional increase in the levels of dietary protein (amino acids) required to support nearly maximal growth performance of PST-treated pigs. To fully evaluate the impact of PST technology on dietary protein require ments, further information is required on the interrelationships between feeding level and gender, but particularly on effects of dosage on tissue and dietary protein requirements.
Interrelationship Between PST Administration and Energy Intake on Protein Deposition Capaclty
Under conditions of protein adequacy, protein deposition in growing animals is a function of energy intake and is independent of protein intake (Campbell, 1988) . Furthermore, the form of the relationship between energy intake and protein deposition determines the partition of energy between maintenance, protein, and fat and consequently the effects of change in energy intake on growth performance and body composition Dunkin et al., 1986; Whittemore, 1986) .
For heavier pigs (> 60 kg), the relationship is of the lineadplateau form, with the plateau value representing the animal's presumptive maximal capacity for protein growth (Campbell et al., 1985% Dunkin et al., 1986 . For pigs of lighter body weight and some superior genotypes, protein deposition responds linearly to increasing energy intake up to the limits of the animal's appetite (Campbell et al., 1985b) . Whether protein deposition is related linearly to energy intake up to the limit of appetite or reaches a plateau at some intermediate level of feeding has a marked effect on the rate and composition of gain and consequently, on feed conversion efficiency. It also has implications with respect to expression of dietary protein and amino acid requirements. For example, the concept of a constant dietary protein (amino acid): energy ratio for body protein growth remains valid and biologically is the ideal method to express dietary protein requirements only when protein deposition is related linearly to energy intake. When energy intake is the major determinant of protein deposition rate (tissue requirement), a specific dietary protein: energy ratio can correct for changes in feed intake; thus, an animal's demand for protein at the tissue level will be met by the appropriate change in dietary protein intake. Conversely, on the protein deposition plateau the pig's tissue requirement for protein remains constant and independent of energy intake, so dietary requirements must be expressed on a daily intake basis and, theoretically, will change as feed intake changes. These concepts are well established for conventional pigs (Campbell et al., 1985a,b; Dunkin et al., 1986; Whittemore, 1986) . The linear relationship between energy intake and protein deposition has been confinned for pigs administered PST (.l mg-kg-' ad-' ) between 25 and 55 kg live weight .
For the reason discussed previously, protein deposition normally would be expected to plateau at 75 to 80% of ad libitum energy intake in pigs between 60 and 100 kg.
However, given the marked increase in protein deposition capacity achieved in heavier pigs by PST administration, the form of the relationship between energy intake and protein deposition also may be altered.
To provide information on this and other aspects of energy metabolism of PST-treated pigs, an experiment was conducted at the Animal Research Institute, Wembee, Australia, to assess the effects of six levels of intake of a protein-adequate diet on energy partitioning in control and PST-treated intact male and female pigs between 60 and 90 kg. To ensure that protein deposition was not limited by protein (amino acid) intake, the experimental diet was formulated to contain 1.32% lysine (3.7 g/Mcal DE), which was approximateIy 12% above the level previously found to be required to support maximal protein deposition in intact male pigs of the same genotype administered PST at the same dosage ( Figure  1) .
The levels of energy intake tested in the experiment ranged from 5.08 Mcal DE/d to ad libitum, and protein and fat accretion rates were measured by comparative slaughter.
The relationships between energy intake and protein deposition for all pigs are shown in Figure 3 . As expected, the relationship between energy intake and protein deposition for control pigs was of the linear/plateau form. Males exhibited faster protein deposition at all levels of energy intake than females did. Campbell et al. (1989 Campbell et al. ( , 1990 , who found that castrated males and females were more responsive in terms of protein accretion and growth performance to PST administration than intact males were. Nevertheless, the results presented in Figure 3 show that PSTtreated females still exhibited a plateau for Mcal D u d than their female counterparts (Figures 4 and 5) . These results show that PST affects both the position of the linear component and the plateau value of the relationship of protein deposition to energy intake. They further demonstrate that the magnitude of these changes is influenced by gender. Effects of the changes in protein deposition capacity induced by PST administration on the partition of energy between maintenance, protein, and fat are shown for females in Figure 6 .
Exogenous PST administration increased and reduced, respectively, the proportions of energy retained as protein and fat, resulting in the fat:protein ratio of empty body weight gain being reduced to values generally only observed in pigs up to 20 kg live weight (Campbell and Dunkin, 1983) .
Exogenous PST administration also in- Verstegen et al. (1989) . Differences in MER also have been reported between lean and obese rats (Webster et al., 1978) and between pigs of low and high genetic merit for protein deposition (Campbell and Taverner, 1988) . This increase in MER seems to be an inevitable consequence of enhancing lean body mass and(or) protein growth capacity and, although it cannot sensibly be counteracted in terms of diet formulation, it must be considered when attempting to predict the changes in growth performance and body composition induced by PST administration; clearly MER will influence the most appropriate energy intake for restrictively fed pigs. In addition to providing quantitative information on the tissue protein requirements of PST-treated pigs, the results presented here (Figures 4 and 5) also show that the pig's responsiveness to PST administration is inde pendent of energy intake and confirm the findings of for pigs between 25 and 55 kg. In terms of dietary requirements, the results presented in Figure 3 indicate that if fed ad libitum, PST-treated females will exhibit maximal protein deposition (tissue requirement) within limits of appetite. Consequently, protein and amino acid requirements would need to be expressed on a daily intake basis; over the energy intake range from approximately 80 to 100% ad libitum, the dietary protein and amino acid levels required to support maximal protein deposition will vary inversely with feed intake. The same situation is likely to exist for barrows because their responsiveness in terms of protein accretion to PST administration is similar to that of females (Campbell et al., 1989) . For PSTtreated boars, however, dietary protein and amino acid requirements could be expressed as a ratio to energy content because the requirements as a percentage will be largely unaffected by feed intake.
Because of the relatively high PST dose (.09 mgkg-lad-l) administered to pigs in the more recent experiments reported here, the changes in tissue and dietary requirements indicated in the various figures and tables probably reflect nearly maximum responses for PST-treated pigs. To fully evaluate the impact of PST technology on dietary protein and amino acid requirements, further information is required on the relationship between energy intake and protein deposition for pigs administered different doses of PST.
implications
Exogenous porcine somatotropin (PST) administration has provided animal scientists with novel and exciting opportunities to investigate the biochemical and metabolic control of growth and development. The potential of PST administration to improve the efficiency of pork production is unequivocal. However, successful integration of PST technology into commercial pig production will necessitate appropriate changes in dietary nutrient specifications if the advantages offered by PST are to be fully realized. Current information indicates that dietary protein (amino acid) level is crucial in determining the magnitude of the improvement in protein deposition induced by PST administration; the apparent differences in the responsiveness of lighter (< 60 kg) and heavier (> 60 kg) pigs need to be resolved. The quantitative information presented here on the tissue protein requirements of PST-treated pigs provides the basis for determining future research priorities; effects of PST administration on growth performance, body composition, and dietary nutrient requirements need examination using the factorial approach or computer simulation models.
